Abstract Avian infectious bronchitis virus (AIBV) is classified as a member of the genus coronavirus in the family coronaviridae. The enveloped virus has a positive-sense, single-stranded RNA genome of approximately 28 kilo-bases, which has a 5 cap structure and 3 polyadenylation tract. The complete genome sequence of infectious bronchitis virus (IBV), Beijing isolate, was determined by cloning sequencing and primer walking. The whole genome is 27733 nucleotides in length, has ten open reading frames: 5 -orf1a-orf1ab-s-3a-3b-e-m-6a-6b-n-3 . Alignments of the genome sequence of IBV Beijing isolate with those of two AIBV strains and one SARS coronavirus were performed respectively. The genome sequence of IBV Beijing isolate compared with that of the IBV strain LX4 (uncompleted, 19440 bp in size) was 91.2% similarity. However, the full-length genome sequence of IBV Beijing isolate was 85.2% identity to that of IBV Strain Beaudette, and was only 50.8% homology to that of SARS coronavirus. The results showed that the genome of IBV has remarkable variation. And IBV Beijing isolate is not closely related to SARS coronavirus. Phylogenetic analyses based on the whole genome sequence, S protein, M protein and N protein, also showed that AIBV Beijing isolate is lone virus in group and is distant from SARS coronavirus. In conclusion, this study will contribute to the studies of diagnosis and diseases control on IBV in China.
Avian infectious bronchitis virus (AIBV) is a highly infectious, contagious pathogen of chicken and causes disease of the respiration and urogenital tracts, resulting in significant economic losses to poultry industries throughout the world [1] . In China, IBV leads to more than RMB one billion yuan losses every year. IBV, as a member of the family coronaviridae in the new order Nidovirales, has a single-stranded positive-sense RNA genome, which is 27.6 kb in length [2] . The genome of IBV has more than 10 open reading frames, which encode two polyproteins and three major structural proteins and other small proteins. Three major structural proteins are the spike glycoprotein (S), the membrane glycoprotein (M), and the phosphorylated nucleocapsid protein (N). The S protein is cleaved to release S1 and S2 proteins after translation. The S1 protein induces protective immunity [3 5] . And the most antigenic of the virus neutralization antibody-inducing epitopes is formed by a few amino acids that occur in the first and third quarters of the S1 subunit, especially in the hypervariable regions [6, 7] . IBV is the lone virus in the antigenic group of coronaviridae [8] , however, more than 20 serotypes within IBV have been recognized worldwide on the basis of virus-neutralization test [9] . Therefore, it is very difficult to prevent from the infections of virus. The whole genome of IBV was determined in 1987 [2] . And the genome sequences of IBV are very important and useful for disease diagnosis and vaccination. However, remarkable variation was observed in various IBV isolates: the genome of IBV isolate in this region may be very different with that in the other regions. IBV Beijing isolate, which caused great economic losses, was obtained from a chicken house in Yukou, Beijing [10] . In additional, an outbreak of atypical pneumonia, named severe acute respiratory syndrome (SARS) by the WHO, was identified in Guangdong Province, China, and spread to several countries. This disease is great threatening to the health of people worldwide. Many reports showed that a novel coronavirus was the pathogen of the SARS [11 13] . And scientists considered that SARS coronavirus could be from some animals. After the complete genome of IBV Beijing isolate was sequenced, we determined the relations between IBV Beijing isolate and SARS coronavirus.
Materials and methods
( ) Virus. IBV Beijing isolate [10] was propagated in 10-d-old specific-pathogen-free (SPF) embryonated chicken eggs. The allantoic fluid was collected 24 36 h after inoculation, clarified by centrifugation at 5000 r/min for 30 min, 4 . The pellet was discarded and the supernatant was concentrated by more than 2 h high-speed centrifugation (30000 r/m) at 4 . The supernatant was discarded and the pellet was resuspended in PBS (pH 7.2). The virus suspension was ultra-centrifuged through a 30%/40%/50% saccharose step gradient at 32000 r/min for 3 h at 4 . Mixture between 40% and 50% saccharose was transferred and PBS (pH 7.2) was added. Samples were mixed and concentrated by centrifugation at 30000 r/min for 2 h at 4 . The supernatant was discarded and the virus pellet was resuspended in PBS. 30 for 10 min after being mixed. The mixture was centrifuged at 1100 r/min for 10 min at 4 . The supernatant was discarded and RNA pellet was washed twice with 75% ethanol. At the end of the procedure, the RNA pellet was air-dried (about 15 min) and dissolved by 10 L 0.1% DEPC-treated water.
The random hexameric primer (Promega, USA) or a specific reverse primer was used in cDNA first strand synthesis. After cDNA first-strand was synthesized, each specific primer pair was used in the reaction of PCR. A 20-L reaction volume was used for the first strand cDNA synthesis. Total RNA (10 L) and random hexameric primer (0.5 g/ L, Promega, USA) or a specific reverse prime 1 L were added to a nuclease-free microcentrifuge tube. Mixture was heated to 70 for 10 min and was quickly chilled on ice for 1 for 40 s, annealing at 49 53 for 1 min, and extension at 72 for 1 2 min or 68 for 4 5 min, a final extension at 72 for 10 min and store at 4 . Annealing and extension conditions were dependent on primers and the length of amplification fragments. Some primers used in PCR are listed in Table 1 .
Rapid amplification of cDNA ends (RACE) was performed to capture the 3 and 5 ends of the viral ge- Table 1 
for 7 min and stored at 4 . ( ) Sequencing and analysis. PCR products were cut from 1% agarose gels and purified using the GENE-CLEAN Kit (Qbiogene). The purified PCR products were either sequenced directly or cloned into the PMD 18-T vector (TaKaRa Biotech. Co., ltd., China), and automated sequencing with BigDye Terminator kit (Perkin Elmer) run on an ABI 377 DNA Sequencer. Primer walking is the most common approach for directed sequencing [14] , and was used mostly in this study. Initially, eleven primer pairs to various regions of the genome were designed according to the full-length genome of IBV strain Beaudette (Accession NC_001451.1) and the PCR products were 1.5 kb in size. Many products were obtained. However, none was the target fragments. The PCR products were purified and cloned into the PMD 18-T vector before sequencing. Each clone was sequenced using M13F or M13R. 160 sequences were obtained and used to search the related sequences in the GenBank using the BLAST software (http://www.ncbi.nlm.nih.gov/ BLAST). The viral sequences were kept and compared to the complete genome of IBV strain Beaudette (Accession: NC_001451.1). Positions of the sequences were determined to have high similarity more than 80%. Twelve contigs and 13 gaps were got after these sequences assembled. According to these sequences, we designed additionally 12 primer pairs for gaps filling. The largest gap was less than 4 kb. Each primer pair was used for PCR and had a target fragment. These fragments were purified and both strands were sequenced. Sequences of gaps were determined by primer walking. Other 77 primers were designed for PCR and sequencing, but not all were used for PCR. Finally, the complete sequence was assembled, by using Phrap (http://www.phrap.org).
Results
The complete genome sequence of IBV Beijing isolate was determined using PCR and cloning before sequencing as well as primer walking approaches. After clones (recombinant plasmids) were sequenced, the assembly of 140 sequences were totally 11 kb in length. These sequences comprised 12 contigs, covering these regions more than 4-fold. 101 primers were used for direct sequencing, among which 36 primer pairs were used for PCR and 3 primers for RACE. 136 sequences were obtained by primer walking. The sequences assembled were about 17 kb in size. Totally, 276 sequences resulted in the complete 27733 bp sequence of IBV Beijing isolate genome. The average useful length of the component sequences was 350 bases. The IBV Beijing isolate genomic sequence has been deposited into GenBank (Accession: AY319651).
( ) Genome organization. The 3 and 5 ends of the viral genome were captured after rapid amplification of cDNA ends (RACE) was performed. A fragment about 300 bp in size from 3 RACE and a band about 350-bplength from 5 RACE were purified and sequenced directly or cloned into the PMD 18-T vector before sequencing. The sequences of RACE were almost 300 bp in length, with a 17polyA tract in 3 RACE, and 13polyG tail in 5 RACE (Fig. 1) .
The IBV genome has five major genes, with a typical gene order: rep, spike, envelope, membrane, nucleocapsid. The rep gene, which comprises approximately two-thirds of the genome, is encoded two polyproteins (encoded by orf1a and orf1b). The four genes downstream of rep encoded the structural proteins S, E, M and N. There are also size. And only 50.8% homology was shown between the full-length genome of IBV Beijing isolate and that of SARS coronavirus (NC_004718.1, TOR2). genes encoding a number of nonstructural proteins that are located between S and E, and between M and N. The genome organization of IBV Beijing isolate was determined and ten open reading frames (ORFs) were predicted, including genes encoded unknown proteins: 3a, 3b, 6a and 6b ( Table 2 , Fig. 2 ). Other ORFs encoded unknown small proteins were presumed (data not shown).
Sequences encoding five proteins of IBV Beijing isolate were also compared with those of IBV strain Beaudette and SARS coronavirus, at the levels of nucleotide and amino acid, respectively (Tables 3 and 4 ). S protein and E protein had low identity at the levels of nucleotide and amino acid between two strains of IBV. While RNA polymerase was of relatively high conversation at the amino acid level between two strains. However, four structural proteins of IBV Beijing isolate had fairly low homologies (<50%) to those of SARS coronavirus. On the contrary, the homologies of four structural proteins at the amino acid level were lower than those at the nucleotide level, respectively, between IBV Beijing isolate and SARS coronavirus.
( ) Comparison of sequences. To evaluate how conservative the IBV genome was and how homologous the sequences were between IBV Beijing isolate and SARS coronavirus, the sequences of two strains of IBV and one SARS coronavirus were downloaded from GenBank. The complete genome of IBV Beijing isolate compared with that of IBV strain Beaudette (Accession: NC_001451.1) resulted in a similarity of 85.2%. However, there was 91.2% identity between IBV Beijing isolate and IBV LX4 (Accession AY223860), whose genome had not been sequenced completely and was only 19940 bp in Fig. 2 . Genome organization of IBV Beijing isolate. Overall organization of the IBV Beijing isolate is 27733 nt in length. Predicted ORFs 1a and 1ab, encoding the polyproteins, and those in turn encoding the S, E, M and N structural proteins are indicated. ORFs encoding unknown proteins 3a, 3b, 6a, 6b are also shown. The vertical position of the boxes indicates the phase of the reading frame, and the known coding regions (grey boxes) and reading frames encoding potential proteins (oblique boxes) are indicated. ( ) Phylogenetic analyses. To determine the relationship among IBV Beijing isolate, SARS-CoV and other coronaviruses, we compared the overall genome sequence and three structural proteins of IBV Beijing isolate with those of other animal coronavirus and SARS coronavirus for which sequences information was available in the GenBank. The topologies of the resulting phylogenetic trees are remarkably similar (Fig. 3) . In all cases, SARSCoV and IBV Beijing isolate are not closely related to other known coronavirus. IBV Beijing isolate is a lone virus in group [15] and SARS was segregated into a fourth branch.
Discussion
There is very remarkable variation in the genome sequence of IBV. The full-length genome of IBV Beijing isolate, which was 27733 bp in length, was 125 bp longer than that of IBV strain Beaudette (Accession: NC_ 001451.1), sharing only 85.2% identity of the nucleotide. And the nucleotide homology (91.2%) between IBV Beijing isolate and IBV LX4 (Accession: AY223860) will decline after the complete genome of IBV LX4 finished. For there is a gap of more than 6 kb at the 3 end of the genome, which contains three proteins: S, M and E. These sequences have low conservation. The number of amino acid of RNA polymerase and four structural proteins was also observed. The orf1a of IBV Beijing isolate was 36 nt longer than that of IBV strain Beaudette (Accession: NC_ 001451.1), which resulted in 12 amino acids more for RNA polymerase than that of IBV strain Beaudette. Among the four structural proteins, S protein, M protein, and N protein of IBV Beijing isolate were longer than those of IBV strain Beaudette (7a.a, 1a.a, 1a.a, respectively) . The genome sequence of IBV Beijing isolate was very different from that of IBV strain Beaudette, and it would be very important for the studies of diagnosis and diseases control on IBV in China.
Moreover, the full-length genome of IBV Beijing isolate showed 50.8% homology to that of SARS coronavirus (Accession: NC_004718.1). The identities of five proteins of IBV Beijing isolate were fairly low at the amino acid level, compared to those of SARS coronavirus, respectively. Phylogenetic analyses also showed that Beijing isolate was not resembled closely to SARS coronavirus, which was consistent with other reports [11 13] .
